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SUMMARY 
The o b j e c t i v e o f t h i s s t u d y i s t o d e v e l o p s u i t a b l e 
m a t h e m a t i c a l models t o p r e d i c t t h e demand f o r room a i r 
c o n d i t i o n e r u n i t s . 
L i n e a r r e g r e s s i o n models were formed by f o r m u l a t ­
i n g m a n u f a c t u r e r s ' sh ipments a s a f u n c t i o n of d i s p o s a b l e 
p e r s o n a l income , change i n income from p r e v i o u s y e a r , and 
number o f d w e l l i n g u n i t s 0 Even though a l l o f t h e t h r e e 
models d e v e l o p e d showed a h igh m u l t i p l e c o r r e l a t i o n of 
0 o 9 2 and m o r e , two models were s e l e c t e d f o r r e a s o n s o f 
p l a u s i b i l i t y o The s e l e c t e d models gave demand f o r room 
a i r c o n d i t i o n e r u n i t s a s a l i n e a r f u n c t i o n o f d i s p o s a b l e 
p e r s o n a l income and change of income from p r e v i o u s y e a r , 
b o t h e x p r e s s e d i n 1 9 5 4 p r i c e s , and number o f w ired d w e l l ­
ing unitSo 
Although t h e s e l e c t e d models have a h igh m u l t i p l e 
c o r r e l a t i o n , e x p l a i n i n g much o f t h e demand, t h e y a l s o have 
a l a r g e s t a n d a r d e r r o r » The m o d e l s , t h e r e f o r e , a r e n o t a s 
r e l i a b l e a s desqLredo' T h e i r e r r o r may be due t o t h e f a c t 
t h a t t h e i n d u s t r y i s growing , and a l s o may be due t o t h e 
changes i n w e a t h e r c o n d i t i o n s n o t d i r e c t l y i n c l u d e d a s 
a s e p a r a t e f a c t o r i n t h e m o d e l s 0 
The models a l s o do not r e f l e c t t h e swings i n t h e 
y e a r l y sh ipments o f a i r c o n d i t i o n e r u n i t s „ The p r e d i c t e d 
v i i i 
v a l u e s a r e i n c r e a s i n g wi th t ime and t h e models do n o t p r e ­
d i c t t h e t u r n i n g p o i n t s i n t h e s a l e s o f u n i t s c 
The main argument a g a i n s t t h e u s e o f t h e r e g r e s ­
s i o n models i s t h a t t h e y a r e n o t deve loped on t h e b a s i s o f 
a s t r u c t u r e d economic t h e o r y <> They do n o t d i s t i n g u i s h t h e 
c h a r a c t e r i s t i c market s t r u c t u r e f o r consumer d u r a b l e g o o d s , 
v i z . , r e p l a c e m e n t demand and new-owner demand 0 F o r t h e 
above r e a s o n s , l i n e a r r e g r e s s i o n models were abandoned i n 
f a v o r o f a model b a s e d on a w e l l - s t r u c t u r e d demand t h e o r y 0 
A t h e o r y o f demand f o r e l e c t r i c a l a p p l i a n c e s was 
deve loped on t h e b a s i s o f t h e maximum-ownersh ip- l eve l c o n ­
c e p t f o r m u l a t e d by Roos and Von S z e l e s k i i n t h e i r c l a s s i c 
s t u d y , The Dynamics o f Automobile Demand0 The m a r k e t i s 
d i v i d e d i n t o two segmentss 
l o Replacement market„ 
2 o New-Owner m a r k e t . 
Replacement demand was c a l c u l a t e d by u s i n g t h e o r e t -
0 
i c a l s u r v i v a l f u n c t i o n s 0 New-owner demand i s d e t e r m i n e d 
a s a f u n c t i o n o f p u r c h a s i n g power and number o f w ired 
homeso P u r c h a s i n g power i s c a l c u l a t e d from d i s p o s a b l e p e r ­
s o n a l income , c r e d i t e x t e n d e d ( e x c l u d i n g a u t o m o b i l e s ) , and 
p r i c e i n d e x f o r house f u r n i s h i n g s e x p r e s s e d a t t h e 1 9 4 - 7 -
1 9 4 - 9 l e v e l o Weather c o n d i t i o n s a r e n o t i n c l u d e d i n t h e 
mode l 0 
The model gave a good p r e d i c t i o n f o r t h e demand f o r 
room a i r c o n d i t i o n e r u n i t s 0 The a s s u m p t i o n t h a t maximum-
i x 
ownership l e v e l can "be cons idered as a constant f o r the 
p e r i o d under s tudy i s made w h i l e d e t e r m i n i n g t h e parameter 
M a % The assumption was t e s t e d and proved t o "be acceptab le» 
I t was a l s o proved t h a t sma l l changes i n t h e v a l u e of 
parameter "a" do not a f f e c t the mode l 0 T h e r e f o r e , sma l l 
e r r o r s i n the v a l u e of "a" a re p e r m i s s i b l e o 
To t e s t how good the model i s , s a l e s of a i r c o n d i ­
t i o n e r u n i t s a re p r e d i c t e d f o r the y e a r s I 9 6 0 and 1 9 6 1 , 
and t h e r e s u l t s a re encouraging, , The model developed i s 
f o r the demand a t i n d u s t r y l e v e l and , t h e r e f o r e , i s l i k e l y 
t o have l a r g e v a r i a t i o n s 0 The model gave p r e d i c t i o n s 
a c c u r a t e enough t o be a c c e p t a b l e a t i n d u s t r y l e v e l „ 
CHAPTER I 
INTRODUCTION 
In industry, forecasts are made for a variety of 
purposes, such as cash budgeting, capital expenditures, 
production and inventory planning, establishing sales 
quotas, and the likeo The objective of this study i s to 
develop suitable mathematical models for predicting future 
demand for room air conditioner units in the United Stateso 
A demand theory w i l l be developed for e lectr ical appliances 
and this theory w i l l be applied to develop a demand model 
for the above industry» 
Methods of Forecasting 
There are three kinds of evidence upon which to base 
forecasts for consumer durable goods s 
a 0 Relationships between different sets of h is ­
tor ical data0 
b0 Current opinions <, 
Co Statements of current intentions on the part 
of the agents whose behavior i s the subject 
of the forecast* 
Some forecasters lean heavily on one or another approach 
while many others rely on more than one of these kinds of 
evidence, and in addition, use their intuit ive judgments0 
2 
An o u t s t a n d i n g l y good example of a f o r e c a s t i s t h e a r t i c l e 
"The Changing Automobi le M a r k e t " p u b l i s h e d i n For tune i n 
September, 1 9 5 3 • Th is a r t i c l e ana lyses v a r i o u s techn iques 
of f o r e c a s t i n g and v a r i o u s s p e c i f i c f o r e c a s t s , and f i n a l l y 
makes a p l a u s i b l e f o r e c a s t of i t s own. 
H i s t o r i c a l Data 
There have been a t tempts to u t i l i z e h i s t o r i c a l d a t a 
t o deve lop r e g r e s s i o n models f o r t h e purpose of f o r e c a s t ­
ing. , The t y p i c a l procedure i s t o f i t l e a s t - s q u a r e e x p r e s ­
s i o n s t o t ime s e r i e s d a t a w i t h s a l e s a s the dependent 
v a r i a b l e and independent v a r i a b l e s r e p r e s e n t e d by v a r i o u s 
economic a g g r e g a t e s , u s u a l l y i n c l u d i n g some measure of i n ­
come and some i n d i c a t i o n of p o p u l a t i o n or p a r t i c u l a r r e l e ­
v a n t changes i n demographic data» A w i d e l y r e f e r r e d 
example of such r e g r e s s i o n a n a l y s i s i s t h a t o f Roos and 
p 
Von S z e l i s k i on t h e demand f o r automobi les« I n t h i s s tudy 
the demand f o r automobi les i s deve loped as a f u n c t i o n of 
( 1 ) supernumerary income (which i s t h e money a v a i l a b l e t o 
consumers over and above t h e i r necessary e x p e n d i t u r e s , l i k e 
food and c l o t h i n g ) , ( 2 ) an i n d e x of au tomobi le p r i c e s , 
( 3 ) t h e stock o f cars i n u s e , ( 4 ) maximum ownership l e v e l 
(which i s a f u n c t i o n of supernumerary income, d u r a b i l i t y 
and the number of f a m i l i e s ) , and ( 5 ) rep lacement p ressure 
(which i s a f u n c t i o n of income, p r i c e and t h e t h e o r e t i c a l 
scrapp ing r a t e ) o 
Another i n t e r e s t i n g example of r e g r e s s i o n a n a l y s i s 
3 
i s t h e work done by M i l l e r , and S p e n c e r and M a t t h e i s 0 
M i l l e r ' s p r e s e n t a t i o n combines c r o s s - s e c t i o n i n f o r m a t i o n 
and t ime s e r i e s d a t a t o make use o f s u c c e s s i v e c r o s s s e c ­
t i o n s o He e s t i m a t e s t h e i n f l u e n c e o f income , o t h e r non-
p r i c e v a r i a b l e s and, l e s s s a t i s f a c t o r i l y , p r i c e on 
a g g r e g a t e demand f o r r e f r i g e r a t o r s . . 
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S p e n c e r and M a t t h e i s , i n t h e i r a r t i c l e , d e v e l o p t h e 
framework f o r an e c o n o m e t r i c model c o n n e c t i n g s a l e s , p r i c e , 
c r e d i t c o n d i t i o n s , income , and use f a c i l i t i e s f o l l o w i n g 
t h e same b a s i c t h e o r y o r maximum ownership c o n c e p t o f R o o s -
Von S z e l i s k i o Thi s framework i s a p p l i c a b l e t o any d u r a b l e 
consumer goods and t h e y d e m o n s t r a t e t h e i r a c c u r a c y by c o n ­
s t r u c t i n g an e c o n o m e t r i c model f o r t h e demand f o r washing 
machineso 
The Department o f Commerce p u b l i s h e d two s t u d i e s by 
5 6 7 J a c o b s and Winston , and A t k i n s o n 9 ' i n Survey o f C u r r e n t 
B u s i n e s s d e a l i n g with demand f o r models f o r f u r n i t u r e and 
o t h e r consumer d u r a b l e goods» They a c h i e v e d h igh c o r r e l a ­
t i o n s o f G o 9 3 and more f o r t h e r e l a t i o n s h i p s between s a l e s 
o f a v a r i e t y o f consumer d u r a b l e goods and independent 
v a r i a b l e s such a s income , income c h a n g e , number o f h o u s e ­
h o l d s , and p r i c e s o The main l i m i t a t i o n o f t h e s e s t u d i e s 
by r e g r e s s i o n a n a l y s i s i s t h e f a c t t h a t t h e i r u s e f u l n e s s 
i s l i m i t e d by t h e a c c u r a c y of t h e e s t i m a t e s of independent 
v a r i a b l e s . The problem i s e s p e c i a l l y a c u t e when e l a s t i c i t y 
o f demand wi th r e s p e c t t o t h a t v a r i a b l e i s g r e a t e r t h a n 
u n i t y » 
4 
C u r r e n t Opin ions 
The W a l l S t r e e t J o u r n a l p u b l i s h e s r e p o r t s of i n t e r ­
v iews w i t h s c a t t e r e d d e a l e r s about the changes i n demand 
f o r goods * From these r e p o r t s t h e movement of demand can 
be e v a l u a t e d o However, t h e e v a l u a t i o n i s d i f f i c u l t and 
not p r e c i s e s ince t h e sampl ing and i n t e r v i e w i n g techn iques 
are not r e p o r t e d so t h a t t h e i r s tandards can be examined 0 
Consumer I n t e n t i o n s 
There i s a growing c o n v i c t i o n among businessmen 
t h a t c o n s u m e r s p l a n t h e i r m a j o r p u r c h a s e s s u b s t a n t i a l l y i n 
advance and t h a t the i n f o r m a t i o n on these p lans can b e 
secured w i t h accuracy by means of p e r s o n a l i n t e r v i e w s „ The 
F e d e r a l Reserve B u l l e t i n p u b l i s h e s t h i s i n f o r m a t i o n w i t h 
i n t e r p r e t a t i o n s , and a l s o Survey of Consumer F inances c o n ­
t a i n s t h e d a t a 0 Survey Research Center of M i c h i g a n U n i v e r -
Q 
s i t y conducts these i n t e n t i o n s surveys and p u b l i s h e s them a 
The use of i n t e n t i o n s d a t a f o r f o r e c a s t i n g i s not w e l l 
deve loped and the d a t a a re l a r g e l y l i m i t e d t o f o r e c a s t s 
f o r one y e a r * However, these d a t a have been u s e f u l t o p r e ­
d i c t t h e change i n d i r e c t i o n i n t h e volume of consumer d u r ­
ab le goods e x p e n d i t u r e s o 
I n the n e x t chapte rs of t h i s s tudy a framework w i l l 
be e s t a b l i s h e d f o r the development of demand models f o r 
room a i r c o n d i t i o n e r u n i t s i n the USA0 S t a t i c r e g r e s s i o n 
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and dynamic models t o p r e d i c t demand w i l l be d e v e l o p e d . 
These models w i l l c o n n e c t y e a r l y s a l e s and v a r i o u s o t h e r 
f a c t o r s , such a s income, c r e d i t , p r i c e s , and r e l e v a n t 
demographic f a c t o r s . The dynamic model w i l l be t e s t e d 
f o r a c c u r a c y , and s e n s i t i v i t y a n a l y s i s w i l l be c o n d u c t e d 
on an a n a l o g computer t o s e e t h e e f f e c t o f chang ing t h e 
p r o p o r t i o n a l i t y c o e f f i c i e n t i n t h e model p r e d i c t i n g new 
owner demand. 
CHAPTER I I 
REGRESSION MODELS FOR THE DEMAND FOR 
ROOM AIR CONDITIONER UNITS 
The o b j e c t i v e of t h i s a n a l y s i s i s t o deve lop 
s e v e r a l m u l t i p l e r e g r e s s i o n models t o p r e d i c t the demand 
f o r room a i r c o n d i t i o n e r u n i t s i n the USA0 The manufac­
t u r e r s " shipments of u n i t s were o b t a i n e d from the E l e c t r i ­
c a l M e r c h a n d i s i n g ; and t h e y c o n s t i t u t e the dependent v a r i a b l e * 
The independent v a r i a b l e s used are p e r s o n a l d i s p o s a b l e i n ­
come, changes i n p e r s o n a l d i s p o s a b l e income from p r e v i o u s 
y e a r s , and number of e l e c t r i c a l l y w i r e d d w e l l i n g u n i t s « 
The former two v a r i a b l e s r e p r e s e n t t h e economic c o n d i t i o n s 
w h i l e the l a t t e r r e p r e s e n t s the growth v a r i a b l e * 
Basic Demand F a c t o r s 
The most i m p o r t a n t f a c t o r i n f l u e n c i n g the demand f o r 
any e l e c t r i c a l a p p l i a n c e i s the l e v e l of economic c o n d i ­
t i o n s w h i c h , i n t u r n , r e p r e s e n t s the purchas ing power. 
D isposable p e r s o n a l income s e r i e s o b t a i n a b l e f rom the S u r ­
vey of Cur ren t Business was s e l e c t e d t o r e p r e s e n t t h e e c o ­
nomic c o n d i t i o n s o To make the d a t a comparable , i t i s 
expressed i n 1 9 5 4 p r i c e s . 
I n a d d i t i o n t o the e f f e c t of income l e v e l s , demand 
f o r e l e c t r i c a l a p p l i a n c e s i s a l so a f f e c t e d by t h e d i r e c t i o n 
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i n which t h e income has been chang ing from t h e p r e v i o u s 
y e a r 0 In o t h e r words , f o r any g i v e n c u r r e n t income p u r ­
c h a s e s w i l l be g r e a t e r when t h e income i s r i s i n g t h a n when 
i t i s f a l l i n g o Th i s phenomenon may be due t o more c o n f i ­
dence r e g a r d i n g f u t u r e income p r o s p e c t s when income has 
been r i s i n g i n t h e immediate p a s t , and a c o r r e s p o n d i n g 
pess imism a s s o c i a t e d with f a l l i n g i n c o m e 0 
There i s u s u a l l y some l a g i n spending by t h e c o n ­
sumers f o r many m a j o r i t e m s l i k e a p p l i a n c e s . C o n s e q u e n t l y , 
when income i s r i s i n g , c a s h i s a l i t t l e f r e e r and consumers 
may t e n d t o t r a d e i n t h e i r o ld a p p l i a n c e s and buy new 
models s o o n e r t h a n i n a p e r i o d o f s t a b l e i n c o m e 0 When i n ­
come i s f a l l i n g , consumers may f e e l p i n c h e d f o r c a s h and 
t e n d t o d e f e r purchas ing , . 
The changes i n p o p u l a t i o n growth and f a m i l y f o r m a ­
t i o n a r e t h e o t h e r demand f a c t o r s which i n f l u e n c e t h e 
demand f o r a p p l i a n c e s s i g n i f i c a n t l y o They form o r r e p r e ­
s e n t t h e growth f a c t o r s 0 The e l e c t r i c a l a p p l i a n c e s r e q u i r e 
wired homes f o r t h e i r consumption*. The number o f w i r e d 
homes a l s o r e f l e c t s p o p u l a t i o n growth and f a m i l y f o r m a t i o n 0 
T h e r e f o r e , i t c a n be used a s a p r o x y v a r i a b l e f o r t h e s e two 
f a c t o r s and forms a n o t h e r independent v a r i a b l e r e p r e s e n t i n g 
demographic and u s e - f a c i l i t y f a c t o r 0 The d a t a f o r t h e num­
b e r o f e l e c t r i c a l l y w ired homes i s o b t a i n e d from E l e c t r i c a l 
M e r c h a n d i s i n g 0 A l l t h e r e l e v a n t d a t a i s shown i n Tab le 1 0 
The p r e w a r d a t a i s n e g l e c t e d s i n c e i t i s n o t c o n s i d e r e d t o 
T a b l e 1 . C o m p a r i s o n o f R e g r e s s i o n M o d e l s 
S a l e s I t H t S t S t 
i n T h o u s a n d s i n B i l l i o n s i n B i l l i o n s i n M i l l i o n s T F r o m M o d e l M o d e l i : 
t o f U n i t s I 
1 9 4 6 3 0 2 0 9 c 9 - 1 . 9 < 2 9 . 4 1 9 2 - 6 7 
1 9 4 7 4 3 2 0 1 . 1 - ' 8 . 8 3 1 o 2 2 ? - 6 2 
1 9 4 8 7 4 2 1 1 . 5 1 0 . 4 3 3 o l 3 1 2 6 8 8 
1 9 4 9 8 9 2 1 3 . 8 2 . 3 3 5 o 2 4 1 5 8 2 0 7 
1 9 5 0 2 0 1 2 3 1 . 0 1 7 o 2 3 7 * 2 5 4 2 3 4 2 5 
1 9 5 1 2 3 8 2 3 7 . 0 6 . 0 3 9 o l 6 5 3 5 5 8 0 
1 9 5 2 3 8 0 2 4 3 . 6 6 . 6 4 0 . 9 7 6 4 2 6 7 6 
1 9 5 3 1 , 0 4 3 2 5 5 o O 1 1 . 4 4 2 . 4 8 8 3 0 8 7 9 
1 9 3 4 1 , 3 3 3 2 5 6 . 9 1 . 9 4 3 . 6 9 8 5 4 9 5 4 
1 9 5 5 1 , 2 7 3 2 7 3 o 4 1 6 . 5 4 4 . 8 1 0 1 , 1 3 0 1 , 0 3 8 
1 9 3 6 1 , 8 2 8 
1 , 5 8 6 
2 8 6 . 9 1 3 . 5 4 6 . 1 1 1 1 , 3 4 6 1 , 3 2 0 
1 9 5 7 2 9 3 0 8 6 . 9 4 8 . 6 1 2 1 , 4 5 3 1 , 4 9 8 
1 9 3 8 1 , 6 7 3 2 9 6 . 3 2 . 5 4 9 . 4 1 3 1 , 4 9 1 1 , 5 6 1 
1 9 5 9 1 , 6 6 0 
1 , 5 8 0 
3 1 0 . 6 1 4 . 3 5 0 . 6 1 4 1 , 7 3 0 1 , 7 2 6 
I 9 6 0 3 1 9 * 0 8 . 4 5 1 o 7 1 5 1 , 8 6 0 
1 , 8 9 9 
1 , 8 5 6 
1 9 6 1 1 , 5 0 0 3 2 1 . 6 2 . 6 5 5 o 4 1 6 2 , 0 4 4 
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be r e l i a b l e o 
Demand f o r a i r condi t ioner u n i t s a l so depends on 
weather condit ions„ Hot, humid weather can be considered 
as a use f a c i l i t y 0 But t h e r e i s no r e l i a b l e way of quan­
t i f y i n g hot and humid c o n d i t i o n s 0 Bes ides , the weather 
condit ions a r e random in n a t u r e 0 They have nd p r e d i c t a b l e 
trend,, The weather cond i t ions , t h e r e f o r e , are not included 
as a s p e c i f i c f a c t o r in the model, but they form a p a r t 
of the unexplained var ia t ion , . Also , t h e r e i s c o n f l i c t i n g 
evidence with regard t o the e f f e c t of weather condi t ions 
on demand for a i r c o n d i t i o n e r s 0 In the surveys for demand 
f o r a i r condi t ioner u n i t s conducted by DuPont and Hot 
P o i n t D u P o n t survey ind ica ted 67 per cent of owners 
a t t r i b u t i n g the purchase t o weather condi t ions while Hot 
Point ind ica ted only 12„7 per cent of owners a t t r i b u t i n g 
weather as a reason f o r purchase<> Moreover, with i n c r e a s ­
ing standards of l i v i n g , an a i r condit ioning uni t i s becom­
ing more and more a neces sary app l iance , l i k e a range and 
r e f r i g e r a t o r , and hence ownership depends more on economic 
condi t ions r a t h e r than on weather c o n d i t i o n s 0 For a l l the 
>.. 
above r e a s o n s , i t i s not e x p l i c i t l y included in the study 
but i t shows up in unexplained var ia t ion , . 
Multiple Regress ion Models 
The proposed mult iple r e g r e s s i o n models are deve l ­
oped with the assumption t h a t manufacturers" s a l e s of 
1 0 
a i r c o n d i t i o n e r u n i t s a r e a l i n e a r f u n c t i o n of t h e inde­
pendent v a r i a b l e s , v i z . , 
S t = b 0 + V t + b 2 A*t + b 3 H t + f t 
where 
S^ = m a n u f a c t u r e r ' s sh ipments i n t h o u s a n d s o f 
u n i t s 
1 ^ = d i s p o s a b l e p e r s o n a l income a t 1 9 5 4 p r i c e 
l e v e l i n b i l l i o n s o f d o l l a r s 
A 1 ^ . = c h a n g e i n d i s p o s a b l e p e r s o n a l i n c o m e i n 
b i l l i o n s o f d o l l a r s from p e r i o d t - 1 t o t 
Hj. = number o f w i r e d d w e l l i n g u n i t s i n m i l l i o n s . 
T = t i m e i n y e a r s wi th T = 1 a t t = 1 9 4 6 . 
t = t ime (e.g.,'. t = 1 9 5 4 ) ? 1 9 4 6 zn t * 1 9 5 9 ° 
6 ^ = random e r r o r independent o f 1 ^ , A 1 ^ and 
b^ = c o e f f i c i e n t s . 
Models were deve loped a s shown i n T a b l e 2 . 
Tab le 2 . R e g r e s s i o n Models 
M u l t i p l e 
C o r r e l a t i o n S t a n d a r d 
No-. , Model R E r r o r 
I S t = - 3 2 9 6 . 1 + 1 6 . 1 5 I t + 0 . 6 6 A I t 0 . 9 2 7 4 2 8 8 . 5 
I I S t - - 3 2 2 7 . l + 9 . 0 $ l t - l . 3 9 9 A l t 0 . 9 3 1 5 2 9 1 . 8 
+ 4 2 . 7 7 % 
I I I S t = - 5 0 3 0 . 8 - 7 . H - I t + 9 . 0 6 A I t 0 . 9 3 5 1 5 0 2 . 3 
1 9 . 9 9 1 6 Log T 
1 1 
A l l t h e above models have q u i t e h igh m u l t i p l e c o r r e ­
l a t i o n c o e f f i c i e n t s o But model I I I does no t seem t o be 
p l a u s i b l e o I n model I I I , s a l e s seem t o d e c r e a s e with h i g h ­
e r income l e v e l s . T h i s i s q u i t e improbable» E r r o r s may be 
due t o h i g h c o r r e l a t i o n between d i s p o s a b l e p e r s o n a l income 
and number o f w ired h o u s e h o l d s , a s b o t h o f them have a 
s e c u l a r growth t r e n d . The s t a n d a r d e r r o r v a l u e i n model 
I I I i s h i g h e r t h a n i n model l o 
F o r t h e above r e a s o n s , model I I I i s d i s c a r d e d and 
models I and I I a r e chosen t o p r e d i c t demand f o r room a i r 
c o n d i t i o n e r s . In t h e s e m o d e l s , t h e s t a n d a r d e r r o r i s t o o 
h igh t o be r e l i a b l e . The r e a s o n may be due t o t h e f a c t 
t h a t t h e a i r c o n d i t i o n e r i n d u s t r y i s a growth i n d u s t r y and 
i s becoming m a t u r e . The l a r g e s p u r t s i n s a l e s i n 1 9 5 3 and 
1 9 5 6 and t h e f a l l i n s a l e s i n y e a r s o f h i g h e r income 
l e v e l s , may be t h e r e a s o n f o r t h e model n o t showing good 
r e s u l t s . This w i l l be t h e c a s e f o r most i n d u s t r i e s i n 
t h e i r growth s t a g e s . T h e i r growth i s n o t a t t r i b u t a b l e t o 
any p a r t i c u l a r f a c t o r s . As t h e y grow, t h e y become m a t u r e 
and re spond w e l l t o economic and o t h e r f a c t o r s . Mor e ove r , 
t h e v i o l e n t f l u c t u a t i o n s i n s a l e s o f l a t e r y e a r s may be 
due t o w e a t h e r c o n d i t i o n s which a r e i n c l u d e d i n t h e e r r o r 
t e r m and hence t h e l a r g e r v a l u e o f s t a n d a r d e r r o r . The 
s a l e s c a l c u l a t e d from t h e two models I and I I a r e compared 
with' a c t u a l s a l e s i n F i g u r e 1 . 
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L i m i t a t i o n s of Regress ion Models 
The r e g r e s s i o n models t h a t have been developed i n 
f o r e c a s t i n g l i t e r a t u r e are s i m i l a r to those developed 
above. They a r e not based on sound economic t h e o r y , i n 
a d d i t i o n t o o t h e r l i m i t a t i o n s ment ioned i n Chapter I . 
O f t e n d i f f e r e n t v a r i a b l e s and d i f f e r e n t combinat ions of 
v a r i a b l e s form models t h a t can produce an e q u a l l y s a t i s ­
f a c t o r y f i t , and , t h e r e f o r e , s t a t i s t i c a l goodness of f i t 
should not form a s u f f i c i e n t c r i t e r i o n of adequacy of a 
mode l . Moreover , t h e s t a t i s t i c a l t e s t s of goodness of f i t 
w i l l not d i s t i n g u i s h between those models made up of p u r e l y 
e m p i r i c a l c o - v a r i a t i o n s and those which are c a s u a l l y s i g ­
n i f i c a n t f o r m u l a t i o n s . T h e r e f o r e , what i s needed f o r t h e 
b e s t f o r m u l a t i o n of f o r e c a s t i n g models i s t h e development 
of an economic t h e o r y which w i l l j u s t i f y t h e r e l a t i o n s h i p 
f o u n d . An a t t e m p t w i l l be made i n t h e nex t chapte r t o 
deve lop a w e l l - s t r u c t u r e d economic t h e o r y f o r t h e demand 
f o r e l e c t r i c a l a p p l i a n c e s which can be used t o deve lop an 
econometr ic model f o r p r e d i c t i n g demand f o r room a i r c o n ­
d i t i o n e r u n i t s i n the USA. 
CHAPTER I I I 
A DEMAND THEORY FOR ELECTRICAL APPLIANCES 
In t h e l a s t c h a p t e r t h e d e f i c i e n c i e s o f l i n e a r 
m u l t i p l e r e g r e s s i o n models were ment ioned• I n t h i s c h a p ­
t e r t h e t h e o r e t i c a l framework t o f o r e c a s t p r o d u c t i o n 
demand w i l l be deve loped on t h e b a s i s o f maximum ownership 
c o n c e p t deve loped by Roos and Von S z e l i s k i * 
E s s e n t i a l l y , f o r any d u r a b l e consumer product^ t h e 
framework f o r demand t h e o r y c o n s i s t s o f a s e t o f p u r c h a s e 
c h a r a c t e r i s t i c s d e f i n i n g consumption e n v i r o n m e n t , and a 
growth model o r b a s i c e q u a t i o n t o e x p r e s s t h e r e l a t i o n s h i p 
between new demand, r e p l a c e m e n t demand, and t o t a l demando 
The e l e c t r i c a l a p p l i a n c e s , b e i n g d u r a b l e , pose a problem 
o f e s t i m a t i n g t h e r e p l a c e m e n t needs ( o r demand)o B e f o r e 
go ing f u r t h e r on t h i s s u b j e c t , p u r c h a s e c h a r a c t e r i s t i c s 
w i l l be d e f i n e d o 
P u r c h a s e C h a r a c t e r i s t i c s 
The p u r c h a s e c h a r a c t e r i s t i c s a r e d e f i n e d a s t h o s e 
f e a t u r e s t h a t c o n d i t i o n t h e consumpt ion of t h e a p p l i a n c e 
and hence t h e w i l l i n g n e s s o f p e o p l e t o buy t h a t p a r t i c u l a r 
a p p l i a n c e o There a r e t h r e e p u r c h a s e c h a r a c t e r i s t i c s f o r 
e l e c t r i c a l a p p l i a n c e s s 
l o T ime-use c h a r a c t e r i s t i c s . 
1 5 
2 . U s e - f a c i l i t i e s c h a r a c t e r i s t i c s . 
3 . Demographic c h a r a c t e r i s t i c s . 
The s i g n i f i c a n c e o f e a c h o f t h e s e c h a r a c t e r i s t i c s a s demand 
d e t e r m i n a n t s i s e x p l a i n e d be low. 
Time-Use C h a r a c t e r i s t i c s 
E l e e t r i c a l a p p l i a n c e s a r e consumer d u r a b l e s . They 
a r e n o t consumed i n a s i n g l e a c t o r day , b u t e x t e n d t h e i r 
s e r v i c e o v e r a p e r i o d o f t i m e . Th i s r a i s e s a p a r t i c u l a r 
problem o f f o r e c a s t i n g , s i n c e i t i s n o t known whether t h e 
consumers w i l l c o n t i n u e t o use t h e o ld a p p l i a n c e by r e p a i r ­
ing i t , i f n e c e s s a r y , o r w i l l r e p l a c e i t w i th a new o n e . 
The l a t t e r a l t e r n a t i v e i n v o l v e s t h e d e c i s i o n between? 
I . , s c r a p p i n g t h e o l d a p p l i a n c e , 
2 . t r a d i n g i t i n , o r 
3° s e l l i n g i t a s used o n e . 
Whatever t h e d e c i s i o n , i t depends a s much on noneconomic 
f a c t o r s , such a s s o c i a l s t a t u s o r d e s i r e f o r p r e s t i g e , a s 
on economic f a c t o r s which i n c l u d e p r o d u c t o b s o l e s c e n c e and 
income . 
U s e - F a c i l i t i e s C h a r a c t e r i s t i c s 
The e l e c t r i c a l a p p l i a n c e s r e q u i r e s p e c i a l f a c i l i t i e s 
f o r t h e i r consumpt ion . Wired homes a r e n e c e s s a r y t o i n ­
s t a l l and o p e r a t e them. As an example , w ired homes and 
l e i s u r e t ime a r e r e q u i r e d f o r t h e consumpt ion o f t e l e v i s i o n 
s e t s . A i r c o n d i t i o n e r s r e q u i r e a w ired home p l u s h o t o r 
humid w e a t h e r c o n d i t i o n s . Wired homes, t h e r e f o r e , form a 
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u s e - f a c i l i t y f o r the consumption of e l e c t r i c a l app l iances» 
L e i s u r e t ime and weather c o n d i t i o n s a l s o form u s e - f a c i l i ­
t i e s f o r t e l e v i s i o n and a i r c o n d i t i o n e r s r e s p e c t i v e l y 0 
Demographic C h a r a c t e r i s t i c s 
The e l e c t r i c a l a p p l i a n c e s a r e consumed "by more t h a n 
one p e r s o n . For example, a f a m i l y consumes a t e l e v i s i o n 
s e t , a washing machine or an a i r c o n d i t i o n e r u n i t . T h e r e ­
f o r e , the d e c i s i o n t o buy an a p p l i a n c e depends on t h e 
demographic f a c t o r s , such as f a m i l y s i z e , age group , and 
r a t e of f a m i l y f o r m a t i o n * As e x p l a i n e d i n the p r e v i o u s 
c h a p t e r , t h e number o f w i r e d homes can be used t o r e p r e s e n t 
both a u s e - f a c i l i t y c h a r a c t e r i s t i c and a proxy v a r i a b l e f o r 
the demographic c h a r a c t e r i s t i c s ment ioned above. I n t h i s 
way one l e s s independent v a r i a b l e i s employed w h i l e t h e 
e f f e c t i s t h a t of m a i n t a i n i n g , i f not i m p r o v i n g , t h e s t a ­
t i s t i c a l s i g n i f i c a n c e of r e s u l t s as w e l l as f o r e c a s t i n g 
accuracy o 
Market S t r u c t u r e 
The above c h a r a c t e r i s t i c s g i v e r i s e t o a p a r t i c u l a r 
type of market s t r u c t u r e w i t h the demand segments b e i n g 
rep lacement demand and new-owner demand 0 The rep lacement 
demand tends t o form q u i t e a s i g n i f i c a n t p o r t i o n of the 
m a r k e t , c o n s t i t u t i n g h a l f of or over h a l f of t o t a l demand 
f o r long e s t a b l i s h e d products l i k e r e f r i g e r a t o r s . More­
o v e r , rep lacement demand tends t o grow w i t h consumer s t o c k s . 
A l s o , p u r c h a s i n g power has t h e e f f e c t of i n c r e a s i n g s c r a p -
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p i n g r a t e s , and thus i n c r e a s e rep lacement demand as i t i n ­
c r e a s e s . I n g e n e r a l , t h e scrapp ing r a t e s depend m a i n l y 
on p u r c h a s i n g power and p r o d u c t i o n , and t o a l e s s e r e x t e n t 
on p h y s i c a l c o n s t r u c t i o n and o p e r a t i n g c o s t s . 
Basic E q u a t i o n 
I n t h e l i g h t o f above d i s c u s s i o n , t h e b a s i c demand 
e q u a t i o n can be f o r m u l a t e d ass 
w h e r e = s a l e s of a p p l i a n c e i n any p e r i o d t , 
Rj. = rep lacement demand i n any p e r i o d t , 
N. = new-owner demand or i n c r e a s e i n e x i s t i n g 
s tock i n any p e r i o d t . 
The two independent v a r i a b l e s a re thus N^ and R^.. 
I n any p a r t i c u l a r s t u d y , t h e y can be s e p a r a t e l y e s t i m a t e d 
and a f o r e c a s t of t o t a l demand can be made. can be 
e s t i m a t e d f rom rep lacement d a t a , i f a v a i l a b l e , or f rom 
consumer survey t h a t can be made t o o b t a i n necessary d a t a , 
or can be c a l c u l a t e d from l i f e expectancy t a b l e s or s u r ­
v i v a l f u n c t i o n s . N .̂ i s e s t i m a t e d from growth model d i s ­
cussed be low. 
Growth Model 
New-owner demand i s t h e change i n consumer s tock 




where A^ r e p r e s e n t s change i n consumer s tock and it i s 
u n i t t i m e . 
borrowed from p o p u l a t i o n t h e o r i e s . Demographers have long 
s t u d i e d t h e growth and d e c l i n e of p o p u l a t i o n by t h e use of 
l o g i s t i c f u n c t i o n s . I f the s tock of e l e c t r i c a l a p p l i a n c e s 
i s cons idered as a p o p u l a t i o n e x h i b i t i n g bo th " b i r t h " and 
' d e a t h " c h a r a c t e r i s t i c s , t h e f o l l o w i n g axiom appears 
plaus ib le t 
At any g i v e n t i m e , t , t h e r e e x i s t s a "maximum" or 
"optimum ownership l e v e l " towards which consumers 
are c o n s t a n t l y a d j u s t i n g t h e i r s tock of d u r a b l e 
goods, y e t depending on the e x i s t i n g economic 
and c u l t u r a l c o n d i t i o n s . ' 
I t i s maximum i n the sense t h a t i t i s a l e v e l toward which 
the a c t u a l volume of consumption of a p a r t i c u l a r good i s 
g r a v i t a t i n g . 
f u n c t i o n of purchas ing power ( P P ) , demographic f a c t o r s (D) 
and rep lacement f a c t o r (R)„ Hence, i t i s not a constant 
b u t a dynamic f u n c t i o n o f t ime as PP, D, and R a r e chang­
i n g w i t h t i m e . S y m b o l i c a l l y , 
N. i s e s t i m a t e d on t h e b a s i s of c e r t a i n concepts 
S t a t i s t i c a l l y , t h e maximum ownersh ip , M ( t ) , i s a 
M ( t ) « f ( P P t ? D t , R t ) 
The r a t e of g r o w t h , A Y+-/A t = N. i s p r o p o r t i o n a l 
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t o t h e e x i s t i n g s tock of the a p p l i a n c e Y .̂ and t o the p o t e n ­
t i a l expansion of s t o c k , [ M ( t ) - Y^ . ] . T h e r e f o r e , assuming 
a m u l t i p l i c a t i v e r e l a t i o n s h i p , 
Nt - At a a 
M ( t ) Y t = f ( P P t , D t , R t , Y t ) 
/ 
where "a" i s the p a r a m e t e r . 
The f u l l development of t h i s model t o f o r e c a s t demand 
f o r room a i r c o n d i t i o n e r u n i t s w i l l be shown i n t h e n e x t 
chapte r and i t s success as a p r e d i c t i v e model w i l l be 
a n a l y s e d . 
C H A P T E R I V 
D E V E L O P M E N T O F T H E D Y N A M I C M O D E L 
I n t h e l a s t c h a p t e r t h e o r e t i c a l e q u a t i o n s w e r e f o r m u ­
l a t e d w h i c h e x p r e s s t h e d e m a n d f o r e l e c t r i c a l a p p l i a n c e s . 
T h e s e e q u a t i o n s p r o v i d e a g u i d e t o w h a t p a r a m e t e r s n e e d t o 
h e m e a s u r e d w h e n a n a l y s i n g t h e d e m a n d f o r t h e s p e c i f i c 
a p p l i a n c e o I n o t h e r w o r d s w h e n t h e f o r m o f e q u a t i o n i s 
k n o w n , t h e p r o b l e m i s t o f i n d t h e n e c e s s a r y c o e f f i c i e n t s o 
T h e b a s i c e q u a t i o n f o r t h e d e m a n d p r e d i c t i o n f o r 
r o o m a i r c o n d i t i o n e r u n i t s d e v e l o p e d a r e s 
W h e r e S . « t o t a l s a l e s o f p r o d u c t i n t h o u s a n d s o f u n i t s . 
N ^ « n e w - o w n e r d e m a n d , o r i n c r e a s e i n t o t a l s t o c k 
i n u s e i n u n i t t i m e i n t h o u s a n d s o f u n i t s . 
R j . = r e p l a c e m e n t d e m a n d a s m e a s u r e d b y s c r a p p a g e 
o f o l d u n i t s i n t h o u s a n d s o f u n i t s . 
Y ^ = n u m b e r i n u s e a t t h e e n d o f e a c h p e r i o d i n 
t h o u s a n d s o f u n i t s . 
t = t i m e i n y e a r s . 
S t = N t + R t o o o o o o o o o o o o o ( 1 ) 
OOOO 
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M ( t ) = m a x i m u m o w n e r s h i p l e v e l a s a f u n c t i o n o f 
t i n t h o u s a n d s o f u n i t s . 
T h e s e r e l a t i o n s h i p s p r o v i d e a g e n e r a l f r a m e w o r k f o r 
t h e a n a l y s i s o f d e m a n d f o r u n i t r o o m a i r c o n d i t i o n e r s . 
M e t h o d o l o g y 
F r o m e q u a t i o n ( 1 ) a n d ( 2 ) s 
N t S t " R t 
— = — £ = a M ( t ) - a T t o o . . . ( 3 ) 
t t 
T h e r e f o r e , 
S t - R , 
a M ( t ) - — - + a Y t = f ( P P t , D t , R t ) . . . ( 4 ) 
Y t 
w h e r e 
PP^_ = p u r c h a s i n g p o w e r . 
= d e m o g r a p h i c f a c t o r . 
R ^ = r e p l a c e m e n t f a e t o r . 
N o w t h e p r o c e d u r e c o n s i s t s i n e s t i m a t i n g t h e v a l u e 
o f p a r a m e t e r " a a n d s u b s t i t u t i n g i n t h e s e c o n d t e r m o f t h e 
r i g h t h a n d s i d e o f e q u a t i o n ( 4 ) , t h e r e b y o b t a i n i n g v a l u e s 
w h i c h a r e t h e n c o r r e l a t e d w i t h f ( P P ^ _ , D ^ , R t ^ ° R t i s e s " t i ' 
m a t e d f r o m s u r v i v a l t a b l e s w h i c h w i l l b e s h o w n l a t e r , a n d 
t h e n e q u a t i o n ( 2 ) i s t h e n s o l v e d f o r N ^ . K n o w i n g N ^ a n d 
R ^ ? S ^ . i s c a l c u l a t e d . 
2 2 
Replacement Demand j •% k $ 
Here t h e p r o c e d u r e adopted t o e s t i m a t e r e p l a c e m e n t 
demand w i l l be o u t l i n e d . Normal ly t h i s can be done by 
c o n d u c t i n g a sample s u r v e y o f c o n s u m e r s 0 Th i s i s an e x p e n ­
s i v e and t ime-consuming p r o p o s i t i o n . Hence , r e c o u r s e i s 
made t o u t i l i z e t h e o r e t i c a l s u r v i v a l f u n c t i o n s . The s u r ­
v i v a l c o e f f i c i e n t s a r e o b t a i n e d ( w i t h ah assumpt ion o f 
1 4 y e a r s o f maximum l i f e o r 8 y e a r s o f a v e r a g e l i f e ) from 
K i m b a l l ' s " ^ p a p e r i n E c o n o m e t r i c a and a r e shown i n Tab le 3 ° 
S a l e s Data 
M a n u f a c t u r e r s ' s a l e s f i g u r e s o f room a i r c o n d i t i o n e r 
u n i t s a r e a v a i l a b l e from t h e magazine E l e c t r i c a l Merchan­
d i s i n g . These f i g u r e s a r e n o t t h e same a s s a l e s t o c o n ­
sumers , b u t o v e r a p e r i o d o f y e a r s m a n u f a c t u r e r s ' s a l e s 
would e q u a l consumer s a l e s . They have more c y c l i c a l f l u c ­
t u a t i o n s t h a n consumer s a l e s . S i n c e no r e l i a b l e f i g u r e s 
o f s a l e s t o consumers a r e a v a i l a b l e , m a n u f a c t u r e r s ' s a l e s 
f i g u r e s a r e u t i l i z e d i n t h i s s t u d y . Tab le 4 shows t h e manu­
f a c t u r e r s ' s a l e s i n t h i s c o u n t r y . 
S c r a p p a g e and New-Owner S a l e s 
The s u r v i v a l c o e f f i c i e n t s i n Tab le 3 r e p r e s e n t t h e 
p r o p o r t i o n o f a s t o c k t h a t w i l l s u r v i v e t o a g i v e n y e a r . 
F o r e x a m p l e , g i v e n a 1 4 - y e a r maximum l i f e f o r a i r c o n d i ­
t i o n e r s , t h e p e r c e n t a g e o f u n i t s produced i n any y e a r t h a t 
w i l l s u r v i v e a f t e r 8 y e a r s i f 5 0 p e r c e n t , and a f t e r 12 
y e a r s i s 1 . 1 p e r c e n t . These c o e f f i c i e n t s m u l t i p l i e d by 
2 3 
Table 3 « S u r v i v a l C o e f f i c i e n t s 
Maximum S e r v i c e L i f e % 14 Y e a r s 
Average S e r v i c e L i f e : 8 Y e a r s 




3 0 , 9 9 8 
4- Oo989 
3 0 . 9 5 7 
6 0 , 8 7 4 
7 0 , 7 1 6 
8 0 . 5 0 0 
9 0 , 2 8 4 
10 0 , 1 2 6 
1 1 0o043 
12 0 . 0 1 1 
13 0 . 0 0 2 
14 0 .000 
T a b l e 4 9 A n a l y s i s o f D e m a n d f o r A i r C o n d i t i o n e r U n i t s 
I n T h o u s a n d s o f U n i t s 
A c t u a l 
Y e a r S a l e s R e p l a c e m e n t 
R j _ 
N e w - O w n e r 
D e m a n d 
N t = V E t 
C o n s u m e r s 
I n v e n t o r y 
Y j _ 
P e r c e n t a g e 
C h a n g e I n 
I n v e n t o r y 
I n v e n t o r y 
A d j u s t m e n t 
a Y 
t 
P e r c e n t a g e 
C h a n g e I n 
A d j u s t e d 
I n v e n t o r y 
1 9 4 6 3 0 0 . 0 3 0 o 0 
1 9 4 7 4 3 O o O 4 3 * 0 3 0 . 0 1 4 3 o 3 0 . 1 1 4 1 4 3 . 4 
1 9 4 8 7 4 O o O 7 4 o 0 7 3 o O 1 0 1 . 4 0 . 2 8 1 0 1 . 7 
1 9 4 9 8 9 0 o 3 8 8 , 7 1 4 7 . 0 6 0 . 4 0 . 5 6 6 1 . 0 
1 9 5 0 2 0 1 l o 5 1 9 9 0 5 2 3 5 o 7 8 4 . 7 0 . 9 0 8 5 . 6 
1 9 5 1 2 3 8 4 o 6 2 3 3 o 4 4 3 5 . 2 5 3 o 7 1 . 6 7 5 5 - 4 
1 9 5 2 3 8 0 I 2 d 3 6 7 . 9 6 6 8 . 6 5 5 o l 2 . 5 6 5 7 - 7 
1 9 5 3 1 , 0 4 5 2 4 . 5 1 , 0 2 0 . 5 
1 , 3 0 3 d 
1 , 0 3 6 . 5 9 8 . 7 3 . 9 8 1 0 2 . 7 
1 9 3 4 1 , 3 5 3 4 9 * 9 2 , 0 5 7 * 0 5 0 . 2 7 o 8 5 5 8 . 0 
1 9 5 3 1 , 2 7 5 6 8 o 2 l , 2 0 6 o 8 
l , 7 0 7 o 7 
3 , 3 6 0 . 1 3 5 o 9 1 2 . 8 5 4 8 . 8 
1 9 5 6 1 , 8 2 8 
1 , 5 8 6 
1 2 0 0 3 4 , 5 6 6 . 9 3 7 o 3 1 7 * 4 8 5 4 . 8 
1 9 5 7 1 9 6 . 3 l , 3 8 9 o 7 6 , 2 7 4 . 6 2 2 . 2 2 4 . 0 0 4 6 . 2 
1 9 5 8 1 , 6 7 3 3 2 1 0 8 l , 3 5 l o 2 7 , 6 6 4 . 3 1 7 o 6 2 9 o 3 2 4 6 . 9 
1 9 5 9 1 , 6 6 0 
1 , 5 8 0 
5 1 3 c 4 1 , 1 4 6 . 6 9 , 0 1 5 . 5 1 2 . 7 3 4 . 4 6 4 6 . 2 
I 9 6 0 7 6 1 0 3 8 1 8 . 7 1 0 , 1 6 2 . 1 
1 0 , 9 8 0 . 8 
8 . 0 5 3 8 . 6 1 4 6 . 6 6 
1 9 6 1 1 , 5 0 0 1 , 0 2 7 * 5 4 7 2 . 5 4 . 3 1 4 1 . 7 2 4 6 . 0 3 
ti 
Table 4 . Analysis of Demand for Air Conditioner Units (Continued) 
Wired Adjusted Deviations Inventory Maximum-Dwelling Units Inventory Per from Real Adjusted for Ownership Year ( In Mill ions) Dwelling Unit Purchasing Real Purchasing Level Power Power -P H t Y ^ a Y t * H t from Tbl .5 from eg. ( 1 0 ) a M(t) 
1 9 4 7 3 1 o 2 4 . 6 0 0 . 9 3 3 
1 9 4 8 3 3 d 3 . 0 7 0 . 9 2 3 1 . 4 0 4 6 . 4 
1 9 4 9 3 5 . 2 1 . 7 3 0 . 9 2 2 1 . 3 9 4 8 . 9 
1 9 5 0 3 7 . 2 2 . 3 0 0 . 9 6 8 1 . 2 3 4 5 . 8 
1 9 5 1 3 9 . 1 1 . 4 2 0 . 9 0 6 1 . 4 6 5 7 . 1 
1 9 5 2 4 0 o 9 1 . 4 1 0 . 9 5 4 1 . 2 7 5 1 . 9 
1 9 5 3 4 2 . 4 2 . 4 2 0 . 9 6 1 1 . 2 4 5 2 . 6 
1 9 5 4 4 3 . 6 1 . 3 3 0 . 9 4 1 1 . 3 0 5 6 . 7 
1 9 5 5 4 4 . 8 ' 1 . 0 9 0 . 9 8 8 1 . 1 5 5 1 . 5 
1 9 3 6 4 6 . 1 1 . 1 9 1 . 0 1 9 1 . 0 4 4 8 . 0 
1 9 3 7 4 7 . 4 0 . 9 7 6 1 . 0 2 4 1 . 0 2 4 8 . 4 
1 9 5 8 4 8 . 6 0 . 9 6 5 1 . 0 1 4 1 . 0 6 5 1 . 5 
1 9 5 9 4 9 . 4 0 . 9 1 3 1 . 0 4 2 0 . 9 5 4 7 * 0 
I 9 6 0 5 0 . 6 0 . 9 2 2 1 . 0 3 8 0 . 9 5 4 8 . 0 
1 9 6 1 5 1 . 7 0 . 9 0 2 1 . 0 4 2 0 . 9 5 4 9 . 2 
ro 
Table 4. Analysis of Demand for Air Conditioner Units (Continued) 
Year t a[M(t) - Y t ] ^tc= a M ( t ) - Y t ] tc tc t 
Deviation of Calculated Demand 
'tc 
From Actual Sales 
1 9 4 7 
1 9 4 8 4 6 o l 2 3 3 . 7 3 5 . 7 0 . 4 6 
1 9 4 9 4 8 . 3 4 7 1 . 0 7 1 . 3 0 . 8 0 
1 9 5 0 4 4 . 8 5 
1 0 5 0 5 
1 0 7 . 0 0 . 5 3 
1 9 5 1 5 5 . 4 3 2 4 1 o O 2 4 5 . 6 1 . 0 3 
1 9 5 2 4 9 . 3 4 
3 2 9 06 
3 4 1 . 7 0 . 9 0 
1 9 5 3 4 8 c 6 2 5 0 5 o O 5 2 9 . 5 0 . 5 1 
1 9 5 4 4 8 c 8 5 1 , 0 3 0 . 0 1 , 0 7 9 . 9 0 . 8 0 
1 9 3 3 3 8 c 6 5 1 , 2 9 6 . 0 1 , 3 6 4 . 2 1 . 0 7 
1 9 5 6 3 0 . 5 2 1 , 3 9 3 . 0 1 , 5 1 3 . 3 0 . 8 3 
1 9 5 7 2 4 . 4 0 1 , 5 3 0 . 0 1 , 7 2 6 . 3 1 . 0 9 
1 9 5 8 2 1 . 1 8 1 , 6 2 0 . 0 
1 , 1 3 0 . 0 
1 , 9 4 1 . 8 1 . 1 6 
1 9 5 9 1 2 o 5 4 1 , 6 4 3 . 4 0 . 9 9 
I 9 6 0 3 8 o 6 1 9 4 0 . 0 1 , 7 0 1 . 3 1 . 0 8 
1 9 6 1 4 1 c 7 2 7 4 6 . 0 1 , 7 7 3 . 5 1 . 1 8 
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s a l e s f o r t h e a p p r o p r i a t e y e a r p r o v i d e a means t o c a l c u l a t e 
c o n s u m e r s ' i n v e n t o r y . Denot ing s u r v i v a l c o e f f i c i e n t s f o r 
j t h y e a r a s OC . , we c a n c a l c u l a t e 
d 
Y t = S t ^ l ° &1 + St-2° &2 + o o o o o o 
+ Si . « . + o o o o o o o o ( 5 ) 
and 
y t = S t - 1 '
 CC2 + S t-2' a 3 + 0 0 0 0 0 0 
+ S ^ j o CX j o o o o o o o o ( & ) 
Where 
Y^ = consumer s t o c k i n hand i n any periodo 
ŷ _ = consumer s t o c k t h a t would o c c u r i n t h e 
f o l l o w i n g p e r i o d i f no u n i t s were s o l d and 
s c r a p p a g e r a t e s r e m a i n t h e sameo 
The a c t u a l a i r c o n d i t i o n e r u n i t s s u r v i v a l t a b l e i s c o n ­
s t r u c t e d a s shown i n Appendix 1 . 
The n e x t s t e p i s t o c a l c u l a t e c o n s u m e r s ' i n v e n t o r y 
o f a i r c o n d i t i o n e r u n i t s f o r any g i v e n y e a r . I t i s t h e 
sum o f s a l e s d u r i n g p r e v i o u s y e a r and t h e i n v e n t o r y s u r ­
v i v i n g from t h e p r e v i o u s y e a r s . These a r e shown i n Appen­
d i x I and a l s o i n T a b l e 4 . 
The s c r a p p a g e volume f o r any y e a r i s c a l c u l a t e d 
i n Appendix 1 by s u b t r a c t i n g t h e number o f u n i t s s u r v i v i n g 
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t o a g i v e n y e a r from; t h e t o t a l i n v e n t o r y i n p r e v i o u s y e a r 0 
Then new-owner s a l e s w i l l be t h e d i f f e r e n c e between t o t a l 
s a l e s and r e p l a c e m e n t a s r e p r e s e n t e d by s c r a p p a g e . Over a 
p e r i o d o f y e a r s new-owner s a l e s a s c a l c u l a t e d h e r e would 
equa l a c t u a l s a l e s t o new owners , but i n any one y e a r t h e 
a c t u a l f i g u r e may be g r e a t e r o r l e s s t h a n c a l c u l a t e d v a l u e 0 
The f i g u r e s a n a l y s e d a r e a c t u a l l y t r u e new-owner s a l e s jplus 
t h e s h o r t - t e r m o r c y c l i c a l d i f f e r e n c e between a c t u a l s c r a p ­
p ing and c a l c u l a t e d scrapping , . I n t h i s way t h e c y c l i c a l 
component o f t h e s c r a p p i n g i s i n c l u d e d i n t h e a n a l y s i s 0 
Thus , i n p e r i o d s o f p r o s p e r i t y when income i s h igh 
s c r a p p i n g r a t e s would t e n d t o become above n o r m a l , and t h i s 
would show up i n t h e s t u d y a s more t h a n normal new-owner 
demand. C o n v e r s e l y , i n r e c e s s i o n p e r i o d s when income i s 
low, s c r a p p i n g r a t e s a r e r e t a r d e d and t h e r e s u l t i s t h a t 
t h e r e i s l o w e r - t h a n - n o r m a l new demand a Hence t h e new-owner 
f i g u r e a n a l y s e d below c o n t a i n s a l l t h e c y c l i c a l components 
of t o t a l s a l e s f i g u r e . 
D e t e r m i n a t i o n o f P a r a m e t e r "a" 
P r e v i o u s l y we have d e v e l o p e d t h e r e l a t i o n s h i p s 
H t = a 
i o e o , ^ t 
Y t 
M ( t ) - Y t 
H ( t ) - Y t 
Y |^ o o o o o o ( 2 ) 
o o o o o o ( 3 ) 
Here i t i s assumed t h a t the maximum ownership l e v e l , H ( t ) , 
2 9 
has an upper l i m i t w i t h i n s p e c i f i e d t i m e p e r i o d s and, hence 
w i t h i n such p e r i o d s may be e x p r e s s e d a s a c o n s t a n t , M0 Now 
e q u a t i o n ( 3 ) can be r e w r i t t e n a s 
-* aM °*° aY • — M • = = aYi o o o o o o o ( 7 ) 
u o u 
Where 
PI = aM ss a c o n s t a n t o 
Hence t h e r e l a t i o n s h i p between t h e p e r c e n t a g e change i n 
u n i t s i s t r e a t e d a s a l i n e a r f u n c t i o n of t o t a l i n v e n t o r y . 
In F i g u r e 2 p e r c e n t a g e change i n consumers" i n v e n ­
t o r i e s v e r s u s c o n s u m e r s 9 i n v e n t o r i e s i s p l o t t e d . I f M were 
a c t u a l l y a c o n s t a n t t h r o u g h o u t t h e a n a l y s i s p e r i o d , t h e 
l i n e would have been f i t t e d wi th l e a s t s q u a r e s r e g r e s s i o n . 
S i n c e M ( t ) i s n o t a c o n s t a n t but v a r i e s w i th t h e c y c l i c 
c o n d i t i o n s , t h e f i t should r e p r e s e n t b o t h t h e s e c u l a r 
growth and t h e c y c l i c swings f o r t h e p e r i o d a s a whole . 
F o r t h i s r e a s o n , t h e s l o p e o f t h e l i n e f i t t e d should be 
a v e r a g e o f t h e s l o p e s o f t h e l i n e s c o n n e c t i n g s u c c e s s i v e 
y e a r s i n F i g u r e 2 . The method s u g g e s t e d by S p e n c e r , C l a r k 
and Heguet"^" h a s been adopted t o f i t t h e r e g r e s s i o n l i n e . 
R e f e r r i n g back t o e q u a t i o n (7)-» MQ i n t h e f o r m u l a 
r e p r e s e n t s t h e p o i n t where t h e r e g r e s s i o n l i n e i n F i g u r e 2 
i n t e r s e c t s t h e v e r t i c a l a x i s . I f MQ r e v e r t s t o a M ( t ) , 
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Consumers' Inventory 
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y e a r wi th t h e same s l o p e a s o r p a r a l l e l t o t h i s r e g r e s s i o n 
l i n e . Any o f t h e s e l i n e s , shown i n F i g u r e 2 f o r each y e a r , 
w i l l i n t e r s e c t t h e v e r t i c a l a x i s a t MQ = a M ( t ) , and t h e 
h o r i z o n t a l a x i s a t t h e maximum ownership l e v e l M ( t ) f o r 
t h a t p e r i o d o 
D e t e r m i n a t i o n o f Maximum Ownership L e v e l 
Maximum ownership l e v e l , M ( t ) , r e p r e s e n t s t h e num­
b e r of p o t e n t i a l owners o f a p r o d u c t . The f a c t o r s a f f e c t ­
ing M^ a r e income c o n d i t i o n s o r p u r c h a s i n g power r e p r e - ^ 
s e n t e d by d i p o s a b l e p e r s o n a l income , t h e n e t e x t e n s i o n o f 
i n s t a l l m e n t c r e d i t e x c l u d i n g a u t o m o b i l e c r e d i t and a p r i c e 
i n d e x , and wired househo lds e n t e r i n g a s a u s e - f a c i l i t y 
c h a r a c t e r i s t i c and a s a p r o x y v a r i a b l e f o r demographic 
c h a r a c t e r i s t i c a s e x p l a i n e d i n t h e l a s t c h a p t e r . S i n c e 
t h e f a c t o r s c o m p r i s i n g p u r c h a s i n g power a r e i n t e r c o r r e l a t e d , 
t h e y a r e combined i n t o one s y n t h e t i c v a r i a b l e a s shown 
l a t e r . T h e i r use i n t h e a n a l y s i s w i l l h e l p t o e x p l a i n 
any c y c l i c a l c h a n g e s i n r a t e o f i n c r e a s e i n maximum owner­
s h i p l e v e l . The as sumpt ion i s made t h a t t h e two v a r i a b l e s , 
w ired h o u s e h o l d s and t h e s y n t h e t i c v a r i a b l e r e p r e s e n t i n g 
p u r c h a s i n g power, e n t e r t h e r e l a t i o n s i p w i th M ( t ) i n a 
m u l t i p l i c a t i v e manner . However, s i n c e t h e two v a r i a b l e s 
a r e l i k e l y t o be i n t e r c o r r e l a t e d , i t w i l l have t o be r e ­
moved b e f o r e t h e second v a r i a b l e i s i n t r o d u c e d . 
E f f e c t o f Wired Households 
L e t M Q ( t ) , which i s equa l t o a M ( t ) , r e p r e s e n t t h e 
3 2 
i n t e r s e c t i o n o f a r e g r e s s i o n l i n e w i t h X - a x i s i n F i g u r e 2 0 
R e w r i t i n g e q u a t i o n ( 7 ) , w e g e t 
H . 
M ( t ) = a M ( t ) = — — + a Y . ( 8 ) 
O y v 
X t 
a n d a M ( t ) = f ( H t , I t , G t , P t ) ( 9 ) 
T h e r i g h t s i d e o f t h e e q u a t i o n ( 8 ) r e p r e s e n t s t h e p e r c e n t ­
a g e c h a n g e i n c o n s u m e r s 8 i n v e n t o r i e s a d j u s t e d f o r i n v e n t o r y 
l e v e l s o E q u a t i o n ( 9 ) s h o w s M ( t ) a s a f u n c t i o n o f n u m b e r o f 
h o u s e h o l d s ( H ^ ) a n d p u r c h a s i n g p o w e r r e p r e s e n t e d b y d i s ­
p o s a b l e i n c o m e ( I ^ ) ? c r e d i t ( C ^ ) - , a n d p r i c e ( P ^ . ) ° 
T h e p r o b l e m n o w i s t o c o m b i n e t h e t w o c l a s s e s o f 
v a r i a b l e s , w i r e d h o u s e h o l d s a n d p u r c h a s i n g p o w e r t A s m e n ­
t i o n e d e a r l i e r , i t i s a s s u m e d t h a t t h e y e n t e r i n a m u l t i ­
p l i c a t i v e m a n n e r . S i n c e i t i s k n o w n t h a t M ( t ) i s p a r t l y 
e x p l a i n e d b y t h e n u m b e r o f w i r e d h o m e s ( b e c a u s e a n a i r c o n ­
d i t i o n e r c a n n o t b e u s e d i n a n u n w i r e d h o m e ) , e q u a t i o n ( 8 ) 
c a n b e r e w r i t t e n a s 
+ a Y , 
M 1 ( t ) = f ( I . , C . , P . ) ( 1 0 ) 
W h e r e M ^ ( t ) r e p r e s e n t s p u r c h a s i n g p o w e r c o n s i s t i n g o f d i s ­
p o s a b l e i n c o m e , c r e d i t , a n d p r i c e . A l s o , f r o m F i g u r e 3 
3 3 
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F i g u r e d . P e r c e n t a g e C h a n g e i n i n v e n t o r y A a j u e b e d 
F o r T o b a l I n v e n b o r y v s . W i r e d D w e l l i n g U n i b s 
3 4 
w e c a n s e e t h a t b o t h a r e i n c r e a s i n g a t t h e s a m e r a t e 0 
E f f e c t o f P u r c h a s i n g P o w e r 
A s y n t h e t i c v a r i a b l e c o m b i n i n g I . , C . , a n d P . , s i n c e 
t h e y a r e i n t e r e o r r e l a t e d , w i l l b e d e v e l o p e d h e r e t o r e p r e ­
s e n t t h e p u r c h a s i n g p o w e r 0 M o d a t a a r e a v a i l a b l e a s r e ­
g a r d s t o t h e c a s h a n d c r e d i t p r o p o r t i o n o f s a l e s o f a i r 
c o n d i t i o n e r s t o k n o w t h e i r p r o p e r w e i g h t s w h i l e c o m b i n i n g 
4 
t h e n i o B u t S p e n c e r a n d M a t t h e i s o b t a i n a r e l a t i o n s h i p 
w h e r e E C ^ i s t h e e x p e n d i t u r e s o n c o n s u m e r d u r a b l e s e x c l u d ­
i n g a u t o m o b i l e s o 
S o t h e w e i g h t e d c o m b i n a t i o n o f 1 ^ a n d i s t a k e n a s 
I ^ + 3 C . o F i n a l l y 
w h e r e P P ^ i s p u r c h a s i n g p o w e r i n p e r i o d t o 
T o o b t a i n r e a l p u r c h a s i n g p o w e r , t h e a b o v e q u a n t i t y 
h a s t o b e d e f l a t e d b y a p r i c e i n d e x 0 T h e m e a s u r e c h o s e n 
i s t h e p r i c e i n d e x o f h o u s e f u r n i s h i n g s s h o w n i n A p p e n d i x 2 
t o g e t r e a l p u r c h a s i n g p o w e r i n 1 9 4 7 - 1 9 4 9 d o l l a r s . T h e r e ­
f o r e , r e a l p u r c h a s i n g p o w e r 
E 0 t « 0 o 2 3 I t + O o 7 3 C t 
p p l . I t + 3 C 
t 
>1 
P P t . -
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S i n c e b o t h p u r c h a s i n g power and wired househo lds 
have a pronounced s e c u l a r t r e n d , t h e y w i l l be i n t e r c o r r e = 
l a t e d , and t h i s i n t e r c o r r e l a t i o n h a s t o be removedo The 
t r e n d v a l u e s o f P P . ^ i 0 e 0 , ^ t c ' a r e c a l c u l a ' k e d - the r e -
l a t i o n s h i p 
l o g P P t c - l o g h
 +
 3 C t = M + Nt ( 1 1 ) 
c 
The c o e f f i c i e n t s M and H" a r e found by f i t t i n g a l e a s t 
s q u a r e s t r e n d l i n e . F i n a l l y , 
P P t c . f ( t ) . 
I+. + 3 C H 
= 1 0 0 o 0 1 8 1 8 t - 3 3 o l l 4 3 ( 1 2 ) 
where t i s t h e t ime e x p r e s s e d i n y e a r s , and 
c d e n o t e s c a l c u l a t e d v a l u e s „ 
The t r e n d v a l u e s a r e r e c o r d e d i n Appendix 2 0 
I n o r d e r t o remove t h i s t r e n d from r e a l p u r c h a s i n g 
PP+-
power v a r i a b l e PP-j., t h e r a t i o r e s i d u a l s pp7* a r e c a l c u l a t e d , 
t C' 
These r e p r e s e n t t h e c y c l i c a l f l u c t u a t i o n s o f r e a l p u r c h a s ­
i n g power about i t s t r e n d l i n e Q They a r e shown i n Appen­
d i x 2 c 
The s e r i e s on a d j u s t e d i n v e n t o r y p e r d w e l l i n g u n i t 
o f T a b l e 4 a r e p l o t t e d a g a i n s t t h e above r e s i d u a l s and t h e 
r e s u l t i n g s c a t t e r d iagram i s shown i n F i g u r e 4 o The r e ­
g r e s s i o n l i n e i s drawn a v e r a g i n g out t h e s l o p e s o f t h e 
3 6 
3 7 
l i n e s c o n n e c t i n g t h e p o i n t s c h r o n o l o g i c a l l y . T h e r e s u l t i n g 
r e g r e s s i o n l i n e i s g i v e n b y 
X t = 4 , 5 7 - 3 o 7 3 3 X t 
w h e r e Y ^ - a d j u s t e d i n v e n t o r y p e r d w e l l i n g u n i t i n 
t h o u s a n d s o f u n i t S o 
= d e v i a t i o n s i n r e a l p u r c h a s i n g p o w e r . 
F i n a l l y , m a x i m u m o w n e r s h i p l e v e l f o r r o o m a i r c o n d i t i o n e r 
u n i t s , 
M ( t ) = 
3 * 7 3 3 
4 . 5 7 
P t / 
1 0 0 o 0 1 8 1 8 t - 3 3 o 1 1 4 3 
T h e r e f o r e , n e w - o w n e r d e m a n d i s g i v e n b y 
N t - a 
M ^ ~ Y t ] Y t 
( 1 3 ) 
-
3 o 7 3 3 
4 . 3 7 
h + 3 C t 
1 0 
0 o 0 1 8 1 8 t - 3 3 o 1 1 4 3 
H t - 0 . 0 0 3 8 Y t / Y t ( 1 4 ) 
T h e t o t a l d e m a n d f o r u n i t a i r c o n d i t i o n e r u n i t s c a n b e p r e ­
d i c t e d b y t h e m o d e l 
3 8 
t c 
3 - 7 3 3 
4 . 5 7 
h + 5 C t 
H . - G o 0 0 3 8 Y , / Y , ( 1 5 ) 
1 0 0 o 0 1 8 1 8 t - 3 3 o l l 4 3 
Where S . i s t h e c a l c u l a t e d demand 5 t c • . v 
( Y ^ - y ^ ) i s s c r a p p a g e r a t e i n p e r i o d t , b o t h 
e x p r e s s e d i n t h o u s a n d s o f u n i t s 0 
I n o r d e r t o t e s t how good t h e model i s 9 t h e c a l c u ­
l a t e d v a l u e o f s a l e s were compared wi th a c t u a l s a l e s by 
f i n d i n g t h e r a t i o S ^ / S ^ o The l a s t column i n Table 4 
g i v e s d e v i a t i o n s o f c a l c u l a t e d demand and a c t u a l demand i n 
a r a t i o form. They match w e l l a c c o r d i n g t o t h e s t a n d a r d s 
o f i n d u s t r y o I t i s not unusua l i n t h e a i r c o n d i t i o n i n g 
i n d u s t r y t o be l e f t w i th i n v e n t o r i e s forming more t h a n 
2 5 p e r c e n t o f s a l e s . I n 1 9 5 7 , t h e i n v e n t o r i e s a t f a c t o r y 
l e v e l were 9 0 0 , 0 0 0 s e t s forming 5 7 p e r c e n t o f s a l e s , and 
i n 1 9 5 8 , 6 0 0 , 0 0 0 s e t s forming 3 6 p e r c e n t o f s a l e s . 
To f u r t h e r t e s t t h e mode l . t h e demand was c a l c u l a t e d 
f o r I 9 6 0 and 1 9 6 1 . Demand c a l c u l a t i o n s were q u i t e w i t h i n 
t h e r a n g e o f a c c e p t a b l e r a n g e o f e r r o r s . The main r e a s o n 
f o r t h i s e r r o r i n f o r e c a s t i s due t o t h e f a c t t h a t t h e 
s a l e s f i g u r e s i n t h i s s t u d y were a t m a n u f a c t u r e r s 3 l e v e l and 
t h e y f l u c t u a t e v i o l e n t l y wi th s m a l l c h a n g e s i n r e t a i l s a l e s 
F o r r e s t e r , i n h i s book I n d u s t r i a l Dynamics , s u g g e s t s t h a t 
a s m a l l p e r c e n t a g e change i n s a l e s a t r e t a i l l e v e l c a u s e s 
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a s much a s 5 0 p e r c e n t change a t m a n u f a c t u r e r s 9 l e v e l 0 
Thus, i t c a n "be o b s e r v e d t h a t t h i s model h a s q u i t e a good 
f i t and f o r e c a s t s demand p r e c i s e l y a t m a n u f a c t u r e r s 0 l e v e l o 
I n t h e development o f above model , i n o r d e r t o e s t i ­
mate t h e p a r a m e t e r "a" i t was assumed t h a t t h e maximum 
ownership l e v e l M ( t ) i s a c o n s t a n t d u r i n g t h e p e r i o d 
( 1 9 4 6 - 6 1 ) under s tudy. . I n t h e n e x t c h a p t e r t h e a s sumpt ion 
w i l l be t e s t e d by c o n d u c t i n g a s e n s i t i v i t y a n a l y s i s . 
CHAPTER V 
SENSITIVITY ANALYSIS 
I n t h e l a s t c h a p t e r a dynamic model f o r demand 
f o r room a i r c o n d i t i o n e r u n i t s was d e v e l o p e d and i t s 
v a l i d i t y was examined . The p r e s e n t c h a p t e r c o v e r s an 
a n a l y s i s o f t h e s e n s i t i v i t y o f t h i s model t o changes i n 
t h e p a r a m e t e r s " a " a n d M. 
From e q u a t i o n ( 2 ) 2 n e w ^ w n e r demand i s g i v e n "by t h e 
r e l a t i o n s h i p 
A t 
M ( t ) - Y t Y^ ( 2 ) 
In o r d e r t o e s t i m a t e t h e p a r a m e t e r "a" i t was assumed t h a t 
M ( t ) c a n be t a k e n as a c o n s t a n t f o r t h e p e r i o d under s t u d y . 
To s e e t h e e f f e c t s o f changes i n " a , " t h e above model was 
programmed f o r t e s t i n g on an a n a l o g c o m p u t e r . The programs 
used a r e shown i n F i g u r e s 5 and 60 
I n F i g u r e 5 [ M ( t ) - Ŷ _ 1 i s t r e a t e d a s a f u n c t i o n 
0 2 5 t 
o f t i m e o f t h e form 1 2 . 8 e " ° a s shown i n F i g u r e 7« T h i s 
c h o i c e o f f u n c t i o n was b a s e d on t h e v a l u e s o f [ M ( t ) - r t ] 
c a l c u l a t e d from Table 4 , which a r e p r e s e n t e d i n Tab le 5° 
The computer r e s u l t s a r e shown i n F i g u r e 8 . I t i s s e e n 
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( a c h a n g e o f - 2 2 p e r c e n t t o + 3 4 p e r c e n t , a b o u t t h e n o m i ­
n a l v a l u e o f 0 o 0 0 3 8 ) y t h e c o r r e s p o n d i n g c h a n g e s i n Y r a n g e 
o n l y f r o m - 4 p e r c e n t t o + 6 p e r c e n t o F r o m t h e a b o v e w e 
c a n c o n c l u d e t h a t Y i s i n s e n s i t i v e t o c h a n g e s i n " a * 1 a n d 
a n y s m a l l e r r o r s i n e s t i m a t i n g t h i s p a r a m e t e r d o n o t i n v a l i 
d a t e t h e m o d e l o 
E f f e c t o f C h a n g e s i n M 
I t h a s b e e n s e e n t h a t s m a l l e r r o r s i n t h e e s t i m a t i o n 
o f " a " d o n o t i n v a l i d a t e t h e m o d e l 0 N o w t h e c h a n g e s i n 
m a x i m u m o w n e r s h i p l e v e l M w i l l b e s t u d i e d 0 W h i l e d e t e r m i n ­
i n g t h e p a r a m e t e r " a " w e h a v e a s s u m e d t h a t M c a n b e t a k e n 
a s a c o n s t a n t f o r t h e p e r i o d u n d e r s t u d y 0 T o t e s t t h e 
e f f e c t o f c h a n g e s i n M , t h e p r o g r a m s h o w n i n F i g u r e 6 i s 
u s e d o T h e v a l u e o f M i s c h a n g e d f r o m 1 2 m i l l i o n t o 1 5 m i l ­
l i o n , w h i c h i s t h e r a n g e o b t a i n e d f r o m c a l c u l a t i o n s s h o w n 
i n T a b l e 5 ° V a l u e s o f 0 o 0 0 3 0 c . 0 o 0 0 3 8 , a n d 0 o 0 0 5 0 a r e 
c h o s e n f o r t h e p a r a m e t e r " a " o T h e r e c o r d e d c o m p u t e r s o l u ­
t i o n s a r e s h o w n i n F i g u r e s 9 a n d 1 0 0 I t i s f o u n d t h a t i n 
t h e w o r s t c a s e ( w h e r e a = 0 0 0 0 5 0 ) t h e c h a n g e o f 2 0 p e r c e n t 
i n m a x i m u m o w n e r s h i p l e v e l , M 9 p r o d u c e s a c h a n g e o f o n l y 
6 p e r c e n t i n Y 0 T h u s t h e a s s u m p t i o n o f M b e i n g c o n s t a n t 
f o r a p e r i o d o f s i x y e a r s d o e s n o t i n v a l i d a t e o u r b a s i c 
m o d e l o 
T h e r e s u l t s o b t a i n e d f r o m m o d e l s h o w n i n e q u a t i o n 
( 1 5 ) a r e p l o t t e d i n F i g u r e 1 1 0 I t c a n b e s e e n t h a t t h e 
p r e d i c t e d d e m a n d l a g s b e h i n d t h e a c t u a l s a l e s , b u t t h e 
4 5 
Tab le 5 c, P o t e n t i a l Demand Data 
Year From Tab le 4 I n M i l l i o n s of U n i t s 
t a M ( t ) a " M ( t ) - Y t ] M ( t ) [ M ( t ) - Y t ] 
1 9 4 8 4 6 o 4 4 6 o l 2 1 2 o 2 0 1 2 o l 3 
1 9 4 9 4 8 o 9 4 8 . 3 4 1 2 o 8 5 1 2 o 7 0 
1 9 5 0 4 5 o 8 4 4 o 8 5 1 2 o 0 5 I I 0 8 I 
1 9 5 1 5 7 d 5 5 0 4 3 1 5 o 0 3 1 4 o 6 0 
1 9 5 2 5 i o 9 4 9 o 3 4 1 3 o 6 3 1 2 o 9 6 
1 9 5 3 5 2 o 6 4 8 o 6 2 1 3 o 8 2 1 2 0 7 8 
1 9 5 4 5 6 o 7 4 8 o 8 5 1 4 o 9 0 1 2 O 8 4 
1 9 5 5 5 1 o 5 3 8 o 6 5 1 3 o 5 2 IO0 I6G 
1 9 5 6 4 8 o 0 3 0 o 5 2 1 2 . 6 3 80O6 
1 9 5 7 4 8 o 4 2 4 * 4 0 1 2 o 7 2 6 o 4 5 
1 9 5 8 5 1 o 5 2 1 o l 8 1 3 . 5 4 6 o l 2 
1 9 5 9 4 7 o 0 1 2 o 5 4 1 2 o 3 8 3 . 3 8 
I I c 0 
f 
L-O 
I 2 3 -F S E 
T T M E 
FIGURE D SENSIFRIVIBU, ANALYSIS 
4* 
I A 9 A S 
T I M E 
FIGURE 10 SENSFTRIVLBY A N A L Y S I S 
so 
4 9 
agreement "between t h e a c t u a l d a t a and c a l c u l a t e d v a l u e s i s 
much b e t t e r t h a n i n t h e c a s e o f r e g r e s s i o n models deve loped 
i n C h a p t e r I I » 
CHAPTER V I 
CONCLUSIONS AND RECOMMENDATIONS 
I n t h i s s tudy s e v e r a l econometr ic models were d e ­
ve loped t o p r e d i c t the demand f o r room a i r c o n d i t i o n e r 
u n i t s i n t h e U n i t e d S t a t e s 0 Three l i n e a r r e g r e s s i o n mod-
e l s were deve loped w i t h s a l e s as the dependent v a r i a b l e 
and a combina t ion of t h e independent v a r i a b l e s — ( 1 ) d i s ­
posable p e r s o n a l income, ( 2 ) the change i n p e r s o n a l 
income from p r e v i o u s y e a r s , ( 3 ) t h e number o f w i r e d 
d w e l l i n g u n i t s , and ( 4 ) t i m e . The t h r e e r e g r e s s i o n models 
developeds 
l o have a h i g h m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t 
of 0 « 9 2 and o v e r , 
2 0 have a h i g h s tandard e r r o r which makes t h e 
models not as r e l i a b l e as e x p e c t e d , and 
3 o do not p r e d i c t t h e t u r n i n g p o i n t s 0 
The r e g r e s s i o n models have n o t been deve loped on t h e 
b a s i s of a sound economic theory« Consequent ly , a sound 
demand t h e o r y was developed f o r the e l e c t r i c a l a p p l i a n c e s o 
The model deve loped f o r the demand f o r room a i r c o n d i t i o n e r 
u n i t s on t h e b a s i s of t h e deve loped t h e o r y i ss 
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5 o 7 5 3 ( I t + 3Ct r 
S t = 4 o 3 7 -
1 0 ' 
, 0 o 0 1 8 1 8 t - 3 3 o 1 1 4 3 f t 
H , - 0 o 0 0 3 8 Y . 
The above model has g i v e n s a t i s f a c t o r y p r e d i c t i o n s f o r t h e 
y e a r s I 9 6 0 and 1 9 6 1 . I t h a s p r e d i c t e d t h e v i o l e n t f l u c t u ­
a t i o n s i n s a l e s b e t t e r t h a n t h e l i n e a r r e g r e s s i o n m o d e l s 0 
p a r a m e t e r "a" and maximum ownership l e v e l M o f e q u a t i o n ( 2 ) 
a s e n s i t i v i t y a n a l y s i s has been c a r r i e d out wi th t h e a i d 
o f a n a l o g c o m p u t e r . Smal l e r r o r s i n t h e measurement o f 
"la"and H have been found n o t t o a f f e c t t h e mode l . 
o b s e r v a t i o n s were a v a i l a b l e , making t h e models deve loped 
v a l i d on ly f o r t h e n e a r f u t u r e y e a r s . A f t e r a few y e a r s , 
when s u f f i c i e n t o b s e r v a t i o n s a r e a v a i l a b l e , i t i s recommend­
ed t h a t t h e models be r e c o n s t r u c t e d so t h a t t h e y can be u s e ­
f u l f o r l o n g - r a n g e f o r e c a s t s a l s o . 
annua l demand. They a r e n o t u s e f u l e i t h e r t o p r e d i c t semi 
annual o r q u a r t e r l y demand. I t would be h e l p f u l f o r p r o ­
d u c t i o n p l a n n i n g p u r p o s e s t o c o l l e c t d a t a q u a r t e r l y and 
d e v e l o p models t o p r e d i c t demand on a q u a r t e r l y b a s i s . 
been c o n s i d e r e d e x p l i c i t l y . I t i s n o t p o s s i b l e t o d e v e l o p 
a s i n g l e measure f o r t h e whole c o u n t r y t o r e p r e s e n t w e a t h e r 
c o n d i t i o n s a s t h e y v a r y c o n s i d e r a b l y from r e g i o n t o r e g i o n 
To t e s t t h e e f f e c t s o f c h a n g e s i n t h e v a l u e s o f 
I n t h e c o u r s e o f t h i s s t u d y , o n l y a s m a l l number o f 
The models deve loped a r e u s e f u l o n l y t o p r e d i c t 
I n t h e p r e s e n t m o d e l s , t h e e f f e c t o f w e a t h e r has n o t 
52 
a t any p a r t i c u l a r t i m e . But d i s c o m f o r t indexes can be ob­
t a i n e d f o r d i f f e r e n t r e g i o n s based on wet and d r y b u l b 
t e m p e r a t u r e s . The e f f e c t of weather can be s t u d i e d f o r 
each r e g i o n and p r e d i c t i o n s of demand can be made f o r each 
r e g i o n . T h e i r sum w i l l be the demand f o r t h e whole U n i t e d 
S t a t e s . 
The e f f e c t of p r o m o t i o n a l e x p e n d i t u r e s l i k e a d v e r t i s -
i n g campaigns were not s t u d i e d and hence a re not i n c l u d e d i n 
t h e mode l . I t i s recommended t h a t p r o m o t i o n a l campaigns 
be i n c l u d e d i n t h e f u t u r e model by t a k i n g t h e t o t a l e x p e n d i ­
t u r e s on these a c t i v i t i e s as a measure. A l t e r n a t i v e l y , any 
o t h e r s u i t a b l e measure can be t a k e n t o r e p r e s e n t t h e e f f e c t 
of p r o m o t i o n a l a c t i v i t i e s . Then t h e model w i l l be more 
r e a l i s t i c and hence more u s e f u l . 
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Appendix 1 
S u r v i v a l Tab le f o r A i r Cond i t ioners 
A l l i n Thousands of U n i t s 
Ye a r 
t S t 1 9 4 7 1 9 4 8 1 9 4 9 1 9 5 0 1 9 5 1 1 9 5 2 1 9 5 3 1 9 3 4 1 9 3 3 
1 9 4 6 3 0 3 0 3 0 3 0 2 9 o 7 2 8 , 7 2 6 . 2 2 1 0 5 1 5 . 0 8 . 5 
1 9 4 7 4 3 4 3 4 3 4 3 o 0 4 2 . 5 4 1 o 2 3 7 . 6 3 0 . 8 2 1 o . 5 
1 9 4 8 7 4 7 4 7 4 . 0 7 4 . 0 7 3 . 2 7 0 . 8 6 4 , 7 4 7 . 3 
1 9 4 9 8 9 8 9 . 0 8 9 . 0 8 9 . 0 880O 8 5 . 2 7 7 . 8 
1 9 5 0 2 0 1 2 0 1 o 0 2 0 1 o 0 2 0 0 o 6 1 9 8 o 8 1 9 2 . 4 
1 9 5 1 2 3 8 2 3 8 o 0 2 3 8 o 0 2 3 7 . 5 2 3 5 . 4 
1 9 5 2 3 8 0 3 8 0 o 0 3 8 0 o O 3 7 9 . 2 
1 9 5 3 1 , 0 4 5 1 , 0 4 5 . 0 1 , 0 4 5 . 0 
1 9 5 4 1 , 3 5 3 1 , 3 5 3 . 0 
1 9 5 5 1 , 2 7 5 
1 9 5 6 1 , 8 2 8 
1 9 5 7 1 , 5 8 6 
1 9 5 8 1 , 6 7 3 
1 9 5 9 1 , 6 6 0 
1 9 6 0 1 , 5 8 0 
1 9 6 1 1 , 5 0 0 
y t 0 3 0 7 3 1 4 6 . 7 2 3 4 . 2 4 3 0 . 6 6 5 6 . 5 1 , 0 1 2 . 0 2 , 0 0 7 . 1 
Y t 3 0 7 3 1 4 7 2 3 5 . 7 4 3 5 . 2 66806 1 , 0 3 6 . 5 3 , 3 6 0 . 1 4 , 5 6 6 . 9 
Y t ~ 7 t + r R t 0 ° ° 5 l o 5 4 o 6 1 2 0 1 2 4 ° 5 4 9 0 9 6 8 ° 2 
Appendix 1 ( C o n t i n u e d ) 
S u r v i v a l Tab le f o r A i r C o n d i t i o n e r s 
A l l i n Thousands o f U n i t s 
Y e a r 
t 1 9 3 6 1 9 5 7 1 9 5 8 1 9 5 9 I 9 6 0 1 9 6 1 
1 9 4 6 3 o 8 l o 3 0 . 3 0 0 
1 9 4 7 1 2 c 2 5 o 4 1 . 8 0 . 5 0 
1 9 4 8 3 7 o O 2 1 o 0 9 o 3 3 o 2 0 . 8 0 
1 9 4 9 6 3 o 7 4 4 . 5 2 5 . 3 1 1 . 2 3 c 8 1 . 0 
1 9 5 0 1 7 3 c 7 1 4 3 c 9 1 0 0 0 5 5 7 d 2 5 . 3 8 . 6 
1 9 5 1 2 2 7 c 8 2 0 8 o O 1 7 0 0 4 1 1 9 o 0 6 7 . 6 3 0 . 0 
1 9 5 2 3 7 5 . 8 3 6 3 . 7 3 3 2 . 1 2 7 2 . 1 1 9 0 . 0 1 0 7 . 9 
1 9 5 3 1 , , 0 4 2 . 9 l * 0 3 3 o 5 1 , 0 0 0 . 0 9 1 3 0 3 7 4 8 . 2 5 2 2 . 5 
1 9 3 4 1 , , 3 5 3 o O 1 , 3 5 0 . 3 1 , 3 3 8 . 1 1 , 2 9 4 . 8 1 , , 1 8 2 . 5 9 6 8 . 7 
1 9 3 3 1 , , 2 7 5 o 0 l 9 2 7 5 o O 1 , 2 7 2 . 5 1 , 2 6 1 . 0 1 . , 2 2 0 . 2 1 , 1 1 4 . 4 
1 9 3 6 1 , 8 2 8 . 0 1 , 8 2 8 . 0 1 , 8 2 4 . 3 1 , , 8 0 7 . 9 l ? 7 4 9 o 4 
1 9 3 7 1 , 5 8 6 . 0 1 , 5 8 6 . 0 1 , , 5 8 2 . 8 1 , 5 4 8 . 6 
1 9 3 8 l ? 6 7 3 o O 1 , , 6 7 3 c 0 1 , 6 6 9 . 7 
1 9 3 9 1 . , 6 6 0 . 0 1 , 6 6 0 . 0 
I 9 6 0 1 , 5 8 0 . 0 
1 9 6 1 
y t 3 , , 2 9 1 o 9 4 , 4 4 6 . 6 6 , 0 7 8 . 3 7 , 3 4 2 . 5 8 < , 5 0 2 . 1 9 , 4 0 0 . 8 
Y t , 5 6 6 . 9 6 , 2 7 4 . 6 7 , 6 6 4 . 3 9 ? 0 1 5 o 5 1 0 , , 1 6 2 . 1 1 0 , 9 8 0 . 8 
• ^ t ^ t + l ^ t 1 2 0 0 3 1 9 6 o 3 3 2 1 . 8 5 1 3 o 4 7 6 1 . 3 1 , 0 2 7 . 5 
Appendix 2 
D e v i a t i o n s o f S e a l P u r c h a s i n g Power 
Y e a r 
t 
In B i l l i o n s o f D o l l a r s P r i c e Index 
D i s p o s a b l e 
Income 
Net C r e d i t 
E x t e n d e d 
( E x c l u d i n g 
A u t o s ) 
o f House 
F u r n i s h i n g s 
1 9 4 7 - 4 9 = 1 0 0 
R e a l P u r - R e a l P u r ­
c h a s i n g Power c h a s i n g Power 
( i n B i l l i o n s ) Trend 
D e v i a t i o n s 
from Trend 
V + 3 C t 
p t 
1 9 3 0 
1 9 3 1 
1 9 3 2 
1 9 3 3 
1 9 3 4 
1 9 3 3 
1 9 3 6 
1 9 3 7 
1 9 3 8 
1 9 3 9 
1 9 4 0 
1 9 4 1 
1 9 4 6 
1 9 4 7 
1 9 4 8 
1 9 4 9 
1 9 3 0 
1 9 3 1 
1 9 3 2 
7 4 . 4 
6 3 . 8 
4 8 . 7 
4 3 . 7 
5 2 o 0 
3 8 . 3 
6 6 o 2 
7 1 . 0 
6 5 . 7 
7 0 . 4 
7 6 . 1 
9 3 . 0 
1 5 9 . 2 
1 6 9 . 0 
1 8 7 . 6 
1 8 8 o 2 
2 0 6 . 1 
2 2 6 . 1 
2 3 7 . 4 
• 0 . 0 7 
- 0 . 1 8 
- 0 . 3 6 
- 0 . 0 7 
0 . 1 6 
0 . 4 5 
0 . 5 4 
0 . 2 7 
0 . 0 7 
0 . 4 1 
0 . 4 4 
0 . 1 9 
6 4 . 9 
5 7 . 6 
5 0 . 6 
4 8 . 6 
5 0 . 9 
5 0 . 0 
5 0 . 8 
5 5 . 0 
5 4 . 5 
5 3 . 4 
5 3 o O 
5 6 . 6 






0 . 6 9 
2 . 3 5 
8 3 . 
9 7 . 
1 0 3 . 
9 9 . 
1 0 0 , 







1 0 8 . 5 
1 1 4 . 3 
1 0 9 . 8 
9 4 . 1 
9 3 . 6 
1 0 3 . 1 
1 1 9 . 3 
1 3 3 . 5 
1 3 0 . 6 
1 2 0 . 9 
1 3 6 . 0 
1 4 7 . 9 
1 6 5 . 3 
1 9 3 . 9 
1 7 8 . 7 
1 8 5 . 3 
1 9 2 
2 1 0 
2 0 5 
2 2 5 
1 8 3 . 6 
1 9 1 . 5 
2 0 0 . 7 
2 0 8 
2 1 7 
2 2 6 
2 3 6 
1 . 0 5 6 
0 . 9 3 3 
0 . 9 2 3 
0 . 9 2 2 
0 . 9 6 8 
0 . 9 0 6 
0 . 9 5 4 
Appendix 2 ( C o n t i n u e d ) 
D e v i a t i o n s o f R e a l P u r c h a s i n g Power 
I n B i l l i o n s o f D o l l a r s P r i c e I n d e x R e a l P u r - R e a l P u r - D e v i a t i o n s 
D i s ? o s a b ? e Net C r e d i t o f House c h a s i n g Power c h a s i n g Power from Trend 
Income E x t e n d e d F u r n i s h i n g s ( i n B i l l i o n s ) Trend I t + 3 C t 
( E x c l u d i n g 1 9 4 7 - 4 9 = 1 0 0 . — 1 * 7 
Y e a r A u t o s ) l V 3 C t J P t - j f g ) 
* * t G t P t 
1953 2 5 0 o 2 1 . 5 0 1 0 7 . 9 2 3 6 . 5 2 4 6 . 2 0 . 9 6 1 
1954 2 5 4 . 5 0 . 5 9 1 0 6 . 1 2 4 1 . 3 2 5 6 . 7 0 . 9 4 1 
1955 2 7 0 . 2 1 . 7 3 1 0 4 . 1 2 6 4 . 5 2 6 7 . 7 0 . 9 8 8 
1 9 5 6 2 8 7 0 2 1 . 9 5 1 0 3 . 0 2 8 4 . 5 2 7 9 . 1 1 . 0 1 9 
1957 3 0 7 . 9 1 . 3 4 1 0 4 . 6 2 9 8 . 2 2 9 1 . 1 1 . 0 2 4 
1 9 5 8 3 1 6 . 5 1 . 0 5 1 0 3 . 9 3 0 7 . 7 3 0 3 . 5 1 . 0 1 4 
1959 3 3 4 . 6 3 . 4 8 1 0 3 . 9 3 3 0 . 8 3 1 7 . 5 1 . 0 4 2 
I 9 6 0 3 4 9 . 4 2 . 4 0 1 0 4 . 2 3 4 2 . 3 3 2 8 . 8 1 . 0 3 8 
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